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@ A solid-fuel gas generator (1 ) generates extremely clean 
odorless nitrogen gas by a combustion process that involves 
the burning In an annular combustion chamber (28) having 
gas discharge orifices (24) of a gas-generant composition 
(68) having combustion products including alkali metat ox- 
ides and/or hydroxides and which may also include iron parti- 
cles. Between the gas-generant composition (68) and the gas 
discharge orifices (24) is disposed an annular primary cooling 
and filtering pack (70) which includes a fine mesh screen (76) 
surrounding the gas-generant composition and one or more 
layers (74) of fiberglass woven fabric around the screen, the 
glass being selected for its characteristic property at the 
combustion chamber temperature of reacting with the alkali 
metal oxides or hydroxides In the combustion products to 
form Innocuous alkali metal silicate and of becoming tacky to 
enhance particle entrapment. Disposed In surrounding rela- 
tion with the combustion chamber is an annular secondary 
cooiing and filtering pack (78) including a porous layer of alu- 
minum silicate (82) which reacts with alkali metal oxide or hy- 
droxide residue to form innocuous alkali metal silicate. 

The gas generator is of particular interest for inflating 
safety cushions in passenger carrying vehicles upon danger- 
ous collision. 




ACTORUM AG 



0012626 



-1- 

METHOD OF AND APPARATUS FOR GAS GE3SERATI0N 
BACKGROUND OF THE HSfVEOTION 
Field of the Invention 

This invention relates to a gas generator that utilizes 
5 the combustion of a solid gas generant ccnposition for the rapid 
generation of an extremely clean gas in which most of the com- 
bustion particle residue and noxious and offensive gases have 
been removed. The generator is particularly useful for rapidly 
filling vehicle inflatable cushion restraint systems for the 
10 protection of the occupants frcm severe iiipact and possible 
injury during a collision* 

Description of the Prior Art 

Gas generators that utilize combustible solid gas generant 
oorrpositions are known in the prior art. Coniron features of such 

15 generators that are used for the inflation of cushion restraint 

systems are the inclusion in a housing of a gas generant corrposition 
containing a pelletized alkali itetal azide and means to filter 
and to cool the gas positioned between the coitposition and gas 
discharge orifices, as defined by the housing. Such cotpositions 

20 are considered advantageous for use in such applications because 
the product of oonbustion is mainly nitrogen, an inert gas, and 
the speed of reaction or burning thereof, upon ignition, may be 
selected to be such as to effect the generation of gas at a very 
rapid rate but without detonation. Such constituents that bum 

25 rapidly, however, usually bum with a temperature of about 1000*^0, 

and develop a pressure in the housing in excess of l4o k^sq cm (2000 psda). 
Further, the gas that is generated contains combustion residue 
including molten particles of metal and/or reactant oxides and 
also noxious and offensive gases.. The high pressure that builds 

30 
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up in the housing tends to produce an explosive discharge of 
residue fron the housing. 

Accordingly, among the problems associated with such prior 
art gas generators has been the containment of the high pressure 
5 reaction within a housing of acceptable weight and bulk, and 
adequate filtering and cooling of the generated gas. Various 
chemical and mechanical cooling means that have been provided 
have been found to be either uiureliable after extended periods, 
unacceptably bulky, and/or incapable of reducing the generated 

10 gas teitperature to a desirably low level. The filtering means 
that have been provided have also been incapable of reducing the 
combustion residue entrained in the gas to a desirably low level. 
In each case the result is discomfort to the vehicle occupants 
vdio have- been spared severe inpact during a collision, 

15 A proposal made in the prior art for reducing the tesrpera- 
ture of the generated gas, as disclosed in S. Patent 3,985,076, 
granted October 12, 1976, is to prorate both the cooling and 
speed of the reaction by a mechanical arrangement of a pelletized 
gas generant cotposition, ignition means therefor, and mean6 for 

20 filtering and the cooling, thereby alla^g the use of a cooler 
burning gas generant. That is to say, tlie gas generant ccnposition 
is disposed to surround the ignition means so that a greater 
proportion of the gas generant material is directly exposed to 
the hot gases and flame therefrom. Cooling and the speed of 

25 reaction are enhanced by the fact that the gases generated expand 
rapidly in all directions rather than linearly, as in a 
cylindrical arrangement. While an iitprovement in these respects, 
there still exists a need for further inprovemants in respect 
of providing a gas that is generated at even lower terrperatures 

30 and lower pressures, also, and with less entrained ccmbustible 
residue and noxious and offensive gases. 

Gas generating corpositions have been proposed that Cdiprise 
mixtures of metal azides, oxidant metal corpounds and silicon 
dioxide. The stated purpose of the silicon dioxide is to react 

35 mth and thereby transform the toxic solid combustion residue 
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to a non-toxic or physiologically haxmless residue, specifically 
a glass-like alkali silicate* Known U. S. patents that disclose 
siach corpositions are 3,883,373, granted May 13, 1975, 3,912,561, 
granted October 14, 1975, 3,947,300, granted March 30, 1976, and 
5 4,021,275, granted May 3, 1977. Such ccCTpositions leave something 
to be desired because of difficulty in uniformly nuxing silicon 
dioxide with the roetal azide and oxidant conpouhd as required to 
react the silicon dioxide with the residues and for obtaining 
satisfactoiry combustibility. 

10 tSechanical filtering systems are also known that include 
filter packs in the gas-flow path, such filter packs including 
imiltiple layers of screen of various iresh sizes, sons made of 
metal and including one or more layers of high tenperature glass 
fibers in vAiich the filtering action is determined solely by the 

15 mesh sizes of the various filter layers. U. S. patents disclosing 
such filter packs are 4,017,100, granted J^ril 12, 1977, and 4,012,211 
granted March 15, 1977. 

There is also described in the prior art gas generant coctposi- 
tions that are said to bum with the production of only the, 

20 desired gaseous product and a solid product in the form of a 

sinter or clinker that does not escape from the generator housing. 
Such cottpositions are described in U. S. Patent Nds. 3,895,098, grant- 
ed July 15, 1975, 3,931,040, granted January 6, 1976, 3,996,079, 
granted Decanber 7, 1976 and 4,062,708, granted Deceriber 13, 1977. 

25 Ihey are described as corrprising mixtures of metal oxides such as 
nickel oxide or iron axide, and an alkali metal azide. A primary 
particle size for the reactant oxide in the range of a small 
fraction of a riiicron to a few microns is indicated as essenticLL 
for effecting a burning rate fast enough for inflating an inf lat- 

30 able occupant restraint system. 

Efforts to make an operative gas generator utilizing a gas 
generant coitposition as described in the aforementioned patents have 
been unsuccessful. Among the problems encountered were difficulty 
in corpacting the mixture to form a stable p^et, and difficulty 

35 in igniting the mixture. 
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Pelletizing the gas generating coiposition has been found 
to be essential for the corrposition to remain reliable over ex- 
tended periods, and for providing a uniform surface area for uni-- 
form burning upon ignition of the corrposition. Otherwise the 
5 burning rate is not predictable. Without pelletizing there is a 
tendency for packing and separation of the finely divided particles 
after the gas generator has been subjected to vibration over an 
extended period of tiotie, as occurs during ordinary use, particu- 
larly v*ien applied to a vehicle. 
10 In our copending European application based on 

United States Serial No. 970,602, (Case 7710-JOl) 

filed December 18, 1978, there is described a gas generant con- 
position consisting of a mixture of 60-80% of sodium azide (NaN^) 
2-26% or iron oxide iFe^O^) , 0-6% of sulfur (S2) and 2-26% of 
_ 15 molybdenum disulfide (^382) , a preferred mixture corprising 66% 

sodium azide, 30% iron oxide, 2% sulfur and 2% molybdenum disulfide. 
It has been found that this mixture is readily ccsrpacted to form 
a stable pellet and provides a baming rate at a conbustion tetpera- 
ture of 1025 °C, that is fast enough to effect inflation of a 
20 vehicle cushion restraint system mthin 45 to 60 millisecounds. 
Inportant features of the cotibustible ccrtposition are its sub- 
stantially lower operative burning tarperature at a high burning 
rate and at a substantially lower pressure, providing a gas, as 
generated, that is cooler by at least 200 °C than that available 
25 from prior art generators. The sodium azide produces a high 
percentage of nitrogen generating efficiency. The nolybdenum 
disulfide and siiLfur provide excellent ccannbustion stability. 
The iron oxide is reduced during combustion, and the iron, Fe, 
that is. thereby produced, forms a shower of molten particulate. 
30 This particulate tends to be blown out of the ccxtibustion chamber, 
being carried along v/ith the generated gas. There remains, 
additionally, caribustible residue in the form of offensive gases 
that also tend to be carried out of the generator vdth the gener- 
ated gas. 

35 Thus, there still exists a need for further iirprovemsnts 
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in solid fuel gas generators, particularly in respect of the 
filter structure and its cooperative relation with the gas generant 
oonposition and the ccffnbustion chaitiber, at the high terrperature 
environment therein, for enabling the trapping within the com- 
5 bastion chamber of larger artounts of the particulate matter and 
for rendering innocuous the noxious and offensive gases that 
are produced, tliereby to make the gas generator nore attractive 
to both the user and the manufacturer, to the user from the 
standpoint of comfort as well as safety, and to the manufacturer 

10 from the standpoint of sinplifying and reducing the weight and 
size of the structure, and hence, reducing the raanufact\iring 
cost, and further, enhancing reliability. 
SUMMARY OF THE INVENTION 

Among the objects of the invention is to provide a method 

15 of and apparatus for producing an extremely clean odorless inert 
gas. 

Another object of the invention is to provide for use in a 
solid fuel gas generator an iirproved method of and apparatus 
for filtering coribustion particulate residues and gases. 
20 Another object of the invention is to provide an iirproved 
filter structure for use in a solid fuel gas generator. 

A further object of the invention is to provide an iirproved 
solid fuel gas generator that produces a gas having a pH of 
7 to 8 without the use of a chemical neutralizer. 
25 Still another object of the invention is to proviiie an 

iirproved solid fuel gas geanerator in which the coribustion chamber 
operating pressure is undeiy'e.500 ^i)ther^ allowing the use of 
light weight conponents for the housing and ocnibustion chamber 
structure. 

30 Another object of the invention is to provide such a 
generator that functions with good ballistic performance. 

In accomplishing the foregoing objects and other objec- 
tives of the invention, there is provided a gas generator that is 
generally similar in its mechanical arrangement to the generator 

35 disclosed in the aforementioned patent 3,985,076. The generator 



0012626 



-6- 

of the present invention, however, features iirprovearients in 
respec± of sirtplif/ing the generator, in the ignition and gas 
generant conpositions enployed, in the construction and arrange- 
itent of the priitary or corribustion chainber filter, and of the sec- 
5 ondaxy or fine particulate final chainber filter. In an operati'-i 
enibodiiti(2nt of the invention, the iiiproved primary and secondary- 
filters provide a capability of filtering out 99.6% of tlie par- 
ticulate solids from the generator effluent, such filtering oc- 
curring during a 45 millisecond function tism v/ith an operatinc: 



n tism ,v7ith an or 
10^-1^0 kg/sq 
he/dSOO psi-2000 



10 pressure in the conibustion chairiber in th^yiSOO psi-2006 psi)rar.ge. 

Specifically, in accordance with one aspect of the invention, 
the prinary or cotibustion chainber filter includes one or mor^ 
layers of a woven fabric or cloth that is selected for its 
compatibility with the combustion chainber terrperature during 
15 burning of the gas generant conposition to the end that the fabric, 
at that terrperature, pravides a tacky surface that facilitates 
the entrapinent of particulate solid residues but does not melt 
or erode away under the effects of the high temperature environ-- 
ment. The effectiveness of the filter is enhanced by its inrTiedi- 
20 ate proximity to the gas generant corposition, in close surround- 
ing relation thereto. Thus the filter is in a position to be 
effective while the acceleration and velocity of the generated 
gases are still at a relatively low level. It is believed that 
as a result of the formation of the tacky surface, the porosity 
25 of the woven fabric is reduced for a short interval of one or tv^ 
milliseconds of the function tine at an early stage of the function 
tiire. During this short interval solid particulate corribustion 
residue is prevented from being blown out of the combustion 
chantoer thus allowing the solid particulate residue to condense 
30 and beoane trapped in the filter. 

In one specific form of the invention the combustion chamber 
filter includes one to three layers of coarse screen iirmediately 
adjacent the ooiribustion chamber wall. Inboard of the coarse 
screen are one or more layers of the fiberglass woven fabric or 
35 cloth. Multiple layers of fine mesh screen, preferably of carbon 
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steel, are provided inboard of the multiple layers of fiberglass 
cloth for providing a relatively large cool surface for the 
condensation of particulate ccarfaustion residue prior to encounter- 
ing the multiple layers of fiberglass fabric. An added benefit 
5 of the use of the fiberglass woven fabric in the primary filter 
is that under the high teiperature environmant, the glass reacts 
with caustic sodium oxide, Na20, an effluent of the ocmbustion 
process, to form innocuous sodium silicate. 

The secondary or fine particulate final filter is located 

10 outside the combustion chamber, in a diffuser space of the gas 
generator. This filter is coiprised of multiple wraps of wire 
mesh vMch serves to cool the gas and also to provide a surface 
for condensation of solid particles. Surrounding the wire mesh 
are one or more wraps of an aluminim silicate blanket. This blan- 

15 ket serves as a particle trap for solid particulate combustion 
residue that still is entrained in the gas stream, and also 
reacts with particles of sodium oxide vMch cone into intimate 
contact with the secondary filter to form sodium silicate. 
DESCREPTIO^ OF THE DRAWINGS 

20 Figure 1 of the drawing is a sectional view of a gai^ 

generator having particular utility in a vehicle cushion; restraint 
system for protecting the driver of the vehicle; 

Figure 2 is a sectional view of a gas generator having 
particular utility in a vehicle cushion restraint syston for 

25 protecting the passengers in the vehicle. 
DESCRlPTiaSI OF THE PREFERRED EMBQDIiyENTS 

As shown in Figure 1 of the drawings, the gas generator 
1 includes a diffuser housing 10 carprising a lower concave 
half shell or base 12 and an vpper convex half shell or cover 14 

30 having an annular mounting flange 16 suitably welded thereto for ^ 
mounting the generator 1, typically, centrally of the steering 
vdieel of a vehicle. The half shells 12 and 14 have internal screw 
threads 18 and 20 for engagement of and locking of the half 
shells together. Enclosed within the half shells 12 and 14 are 

35 a cylindrical number 22 having a plurality of circumferentially 
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spaced ports or orifices 24. The opposite ends of member 22 
engage the respective concave and convex surfaces of the half 
shells in sealing relation to form an outer annular chamber 26 
and an inner cylindrical chamber 28, A rupturable hermetically 
5 sealed cylindrical cartridge or container 30 is positioned in 
chamber 28, being disposed coaxially therewith and held firmly in 
position. The lower and upper surfaces of cartridge 30 conform to 
the lower and upper inner surfaces of half shells 12 and -1^ 
respectively. 

10 The cylindrical side wall of cartridge 30 engages the inner 
surface of cylindrical member 22, conpletely around its periphery. 
The upper end of cartridge 30 cotprises an end disc 34 that is 
sealed by a sealant 32 to the cylindrical side wall with a ' 
double-criirp-seal-and suitable -sealant, typically as provided 

15 in metal containers used for preserving food and beverages. 

"Positioned in cartridge 30 in coaxial relationship there- 
with is a perforated cylindrical initiator tube 36 having a 
rupturable metal foil or diaphragm 38 sealed to the outer wall 
thereof. A closure cap 40 is provided for the tube 36 at thp 

20 upper end. Tube 36 is supported at the lower end thereof on a 
shoulder 44 of a generally cyldLndrical hollow initiator mounting 
adapter 42 having a flange 46, a thin upper tubular initiator 
barrier portion 43, and a thick lower tubular portion 50, said 
tubular portions 48 and 50 being concentrically arranged with 

25 respect to tube 36. A ring-like projection 52 on the lower side 
of flange 46 extends through and is retained by a circular opening 
54 that is provided in the bottom of cartridge 30. The tabular 
portion 50 of adapter 40 also extends through and is retained 
in a circular opening 56 that is provided in the bottom of the 

30 half shell 12. Desirably, tubular portion 50 is press fit in 
opening 56. 

A sealing Oring 58 is provided betaveen the flange 46 and 
the half shell 12. 

A conventional electric squib 60 having a pair of energizing 
35 lead wires or terminals 62 is positioned in the upper portion 48 
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of adapter 42, with lead wires extending through ferrite beads 
indicated at 64. The ferrite beads are provided to render the 
squib 50 substantially insensitive to extraneous radio frequency 
energy that nay pervade the environitient surrounding the gas 
5 generator. Desirably, in order to render the electric squib 
additionally insensitive to extraneous radio frequency energy and 
electrostatic potentials, an arrangement as disclosed in our co- 
pending European application 7911^63, filed 2 April 1979, 
vAiich is a continuation-in-part of application Serial No. 892,725, 

10 filed i^ril 3, 1978, may be utilized. 

As shown in the drawing, the tubular portion 48 and the 
electric squib 60 are centrally located in perforated tiabe 36 and are 
surrounded therein by pyrotechnic material coitprising igniter 
granules 66. Although various- pyroteclinic materials may be 

15 enployed, a preferred material is a granular mixture of 15% 

by wei^t of boron and 85% of potassium nitrate plus or minus 

10% of lead azide. This mixture, as described in the above 

based on U.S. 

mentioned copending application/Serial No. 970,602 (Case 7710^01) 
has been found to bum with a very hot flaire. 

20 As noted, the ruptinsble rretal foil 38 surrounds the per- 
forated tube 36. The metal foil 38 and tube 36 are surrounded 
by uniformly distributed pellets 68 of a gas generant composition. 
Pellets 68 in turn, are surrounded by an annular primary or ccm- 
bustion chamber filter indicated at 70. The metal foil 38 serves 

25 the dual purpose of retaining the granular pyrotechnic material 66 
in the perforated tube 36 and of insuring that the high terperatiore 
gases produced by the pyrotechnic material 66, upon firing of the 
squib 60, have sufficient pressure to permeate the gas generant 
carposition 68 thoroughly for efficient and sustained ignition 

30 before they are released by rupture of the rretal foil 38. 

Although in the broader aspects of the present invention, 

the gas geneiant carposition may be any one of a number of cottv- 

positions neeting the requirements for burning rate, nontoxicity, 

and flame tenperature, a preferred material is that described in 

based on U.S. 

35 the aforerrentioned copending application/Serial No. 970,602 . Also 
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pref erred are the azide, sulfur, irolybdenum sulfide gas generant can- 
positions described in S- Patent 3,741,585. Of these latter com- 
positions, particularly preferred are corpositions cortprising from 
about 65 weight percent to about 70 weight percent alkali metal azide, 
5 up to about 4 weight percent sulfur and from about 27 weight percent 
and about 33 weight percent nolybdenum disulfide, especially a com- , 
position conprising about 68 weight percent sodium azide, about 2 
weight percent sulfur and about 30 weight percent molybdenum disulfide. 
The combustion chamber filter 70 is preferably made in three 

10 parts, specifically one to three layers of coarse screen 72 adjacent 
to the inner or chamber wall of cartridge 30, one or more layers of 
filter cloth 74, specifically of fiberglass woven fabric or cloth> and 
multiple layers- of - fine mesh screen 76, 

A secondary filter 78 is located outside of the inner or ccm- 

15 bustion chamber 28, in the diffuser area. Filter 78 is a screen 

pack cotprised of three parts, specifically, multiple wraps of coarse 
wire HBsh 80, one or more wraps of aluminum silicate blanket 82 that 
surround the wire mesh 80, and several wraps of fine mesh screen 84, 
preferably 100 x 100 mesh, adjacent to the inner wall of the upper half 

20 shell 14 and that surround and provide structural support for the 
aluminum silicate blanket 82 and also cover exit ports or orifices 
86 that are circumferentially disposed in the upper portion of the 
sidewall of the half shell 14. Orifices 86 desirably are angularly 
offset from the orifices 24 in the cylindrical member 22 and provide 

25 exit openings for the gas that is generated by the generator 1 
upon corribustion of the gas generant corposition 68. 

The screen pack corprising filter 78 is formed around the cylin- 
drical nonber 22, a suitable seal strip 38 being placed around the 
outer wraps of fine mesh screen 84 for contacting the inner surface 

30 of the upper half shell 14 when the latter is brought into cooperative 
locking engagonent with the lower half shell 12. The arrangement 
is such that the screen pack 78 is then brought under a suitable 
corpressive load, with the upper edges curved inwardly, in the 
annular space between the ports 24 in the cylindrical mahber 22 

35 and the exit ports 86 in the upper half shell 14. 
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By way of illustration and not limitation it is noted that in 
an operative enibodiinent of Figure 1 of the invention, the external 
diameter of the generator 10 is 10.998 an. (4.330") and its height is 
6.353 cm. (2.501"), and the iraterials of which several corponents 
5 are made and the dimensions thereof viiere relevant are as indicated 
below: 

Materials 



Ccqponents 
half shell 12 
half shell 14 
10 cartridge 30 
primary filter 
coarse screen 
filter cloth 74 



Dimensions 



15 



carbon steel 
carbon steel 
aluminum 

carbon steel 
fiberglass, 

Style 1528 mfd. by Hexcel 
Trevamo, Dublin, California 



fine wash screen 74 carbon steel 
secordary filter 
coarse screen 80 
blanket 82 



20 



A binder of content of 5% and 
a chemical analysis of fibers 
of 46% by weight, binder free and 
54% of Alumina {AI2O3) silica 
(5102) crabfiber paper, Johns- 
Manville, Denver, Colo. 



18 X 18 mesh 

42 X 32 plain 
mesh 



40 X 40 m^sh 



0.635 cm. (.25") 
thick 



fine mesh screen 84 100 x 100 TOsh 

Figure 2 is a sectional view of a gas generator 90 according 

25 to the present invention that is particularly applicable for use in 

a vehicle cusliion restraint system for protecting the passengers, being 
mounted in an appropriate manner in or on the dash board of the vehicle. 

As shown, the generator 90, similarly to the generator 1 of 
Figure 1, is annular in general constoruction, and essentially 

2Q differs in principle and operation fron the generator 1 only in • 
being elongated, typically having a length of 52.54 cm. (21") 
and having the capability of a greater output of generated gas. 
Thus, the generator 90 includes an elongated cylindrical housing 92 
preferably made of carbon steel that for most of its length has 

35 thin walls but at the left end, as seen in Figure 2, includes a 
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heavier diffuser flcinge section 94 that provides a shoulder indi- 
cated at 96. Section 94 flares outwardly to receive a second 
elongated thin cylindrical member 98 made of carbon steel that is 
concentrically positioned with respect to housing 92. The vail 
5 of the right end of cylindrical housing 92 is rolled invardly 
as indicated at 93 and is provided vdth a stud end flange 100 
having a centrally disposed opening 102 therein. The right end 
of cylindrical mtanber 98 is provided with an inwabd S-slviped 
curl as indicated at 99. Cooperating with the right ends of housing 

10 92 and cylindrical member 98 for firmly locking those ends togetiier 
are a stud end cap 104, a weld screw 106, a nut 108 and a lockwasher 
HO. The stud end cap 104 fits within the right end of cylindri- 
cal member 98 and has a peripheral surface thatritatches the 
shaped cur 1-100. in. -the end of member 98. Weld screw 106 extends 

15 through stud end cap 104 and outwardly of the stud end flange 100 
to engage the nut 108 wliich extends partially through stud end cap 
10.4, the lockwasher 110 being provided to firmly retain the members 
together for long periods not\>7ithstanding the presence of vibration. 
When the weld screv^7 106 and nut 108 are pulled together in locking 

20 relationship, the right end of cylindrical member - 98 is brought 
into tight engagement with the inner wall of stud end flange 100. 

It will be noted that the interior of the cylindrical member 98 
forms a combustion chamber 112 and that the annular space 114 
between the manber 98 and tlie inner surface of housing 92 provides 

25 a diffuser space that extends to the left, however, only as far 
as the inner shoulder 95 on housing 92. 

The left ends of the housing 92 and cylindrical member 98 
are closed by a ring-shaped closure member 116 that has a first 
peripheral portion 118 that fits inside a flared left end 120 

30 of cylindrical rasraber 98, and a second peripheral externally 
threaded poirtion 122 that fits inside the flared internally 
threaded section 94 of housing 92, in threaded engagement therewith 
retaining and sealing Oring 124 may also be provided, as shown. 
An elongated rupturable hermetically sealed cylindrical 

35 cartridge 126, preferably made of aluminum, is positioned in 
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dianiber 112, being disposed coaxially therewith, cotpletely filling 
the chaniber and being held firmly against either radial or length- 
wise movement. The left end of cartridge 126 ccanprises an end disc 
, 128 that is sealed by a suitable sealant to the cylindrical sidewall 

5 vdth a double crinp seal. 

Positioned in cartridge 126 in coaxial relationship there- 
vd.th is an elongated perforated cylindrical initiator or igniter 
tube 130 having a rupturable metal foil or igniter barrier 132 
sealed to the outer wall thereof. An igniter plug 134 is provided 

10 adjacent the left end of igniter tube 130 and a separate igniter 
plug 136 is provided at the right end of tube 130, adjacent the 
right end wall of cartridge 126. As shown, the inner right end 
wall of cartridge 126 includes an inwardly projecting short 
cylindrical portion 138 for retaining the right end of igniter 

15 tube 130 in position. The left end of igniter tube is supported on 
the end of an initiator irounting nonber 140 that, in turn, is 
retained by a circular opening 142 in the cartridge 126 and includes 
a portion 144 that is press fit in a central opening 146 provided 
in ring shaped closure manber 116. A Oring 148 is provided to 

20 retain mounting irember 140 in position. 

Aconventional electric squib 150 having suitable energizing 
terminals is provided in the right end portion of initiator 
mounting member 140, ferrite beads 152 being provided to render 
the squib 150 insensitive to extraneous radio frequency energy, 

25 Between the igniter plugs 134 and 136 in the igniter tube 130 
is pyrotechnic material coiprising igniter granules 154. Sur- 
rounding the igniter tube 130 are uniformly distributed pellets 156 
of gas generant composition, which conpposition, in turn, is 
surrounded by an elongated annular primary or conibiastion chamber 

30 filter 158 which, generally, is sindlar to the filter 70 of the 
Figure 1 gas generator. 
• The primary filter 158 oonprises a filter pack of three 

screens including one to three layers of coarse screen 160 that 
are adjacent the inner wall of cartridge 126, one or more layers of 

35 fiberglass woven fabric or cloth 162, and multiple layers of 
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fine nesh screen 164, preferably 40 x 40 itesh carbon steel. 

A secondary filter 166 which, generally, is siirdlar to . 
the filter 78 of Figure 1, is located in the annular chainber 114 
carprising the diffuser region and conprises a coarse, 18 mesh, stand- 
5 off screen 168 that surrounds the cartridge 126 in contact therewith, 
lailtiple wraps of coarse screen 170, one or more wraps of alundnum 
silicate blanket 172 that surround tlie coarse screen 170, and 
several wraps of fine 100 nesh screen 174 that are provided adjacent 
the inner wall of housing 92. The 18 iresh standoff screen 168 

10 is provided to allow the aluminum foil of cartridge 126 to blow 
out of the way. 

The secondary filter 166 is ainranged to cover a plurality 
of exit poirts or orifices 176 that are provided in the cylindrical 
housing 92 and a pl\irality of exit ports or orifices (not shown) 

15 that are provided in the housing 98. Preferably, four angularly 
spaced rows of exit ports are provided circumferentially of each 
of members 92 and 98, with 12 ports in each row, the exit ports 
in member 98 being offset both linearly and radially from the exit 
ports 176 in housing 92* 

20 OPERATION OF THE PREFERRED Q-IBQDIiyiENTS 

The itiechanical arrangement of the gas generator conponent 
of the present invention inherently promotes speed of reaction, 
cooling and filtering. Accordingly, with the structures of each 
of Figures 1 and 2 a slower burning, and hence, cooler biaming gas 

25 generant may be used. The speed of reaction is increased notwith- 
standing the inherent characteristic of slower burning gas generants 
to be hard to ignite. This is the result of several factors 
including the use of a conposition for the igniter granules in the 
oonoibustion initiator that provides a higher flame terrperature 

30 than in the prior art generators, and by arranging the gas generant 
ooirposition pellets in uniformly distributed annular surrounding 
contact with the initiator whereby the entire peripheral area of 
the gas generant corposition is irtinediately and simultaneously 
exposed to the hot gases and high teitperature flame from the 

35 initiator. 
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The speed of reaction in the generation of the desired gas, 
that desired for inflation of a vehicle cushion restraint, for 
exanple, is enhanced because the burning gases from the initiator 
and from the gas generant corrposition are inade to expand rapidly 
5 in all directions, without detonating, however, thus permeating 
and diffusing rapidly throughout the gas generant corposition. 
Featured, also, are the arranganent and construction of the primary 
or combustion cliaitiber filter and the secondary or fine particulate 
final filter that have the capability of filtering out 99,6% of 
10 the solids from tlie gas generator effluent during a 45 milli- 
second function tiine with a lew operating pressure of less them 1 05 kg/sqcm 
(L500 psi). The porosity of the fiberglass woven fabric or cloth 
of the primary or cciribustion chamber filter is so low in this 
pressure range as to retain the products of cotribustion or particu- 
15 late residues in the combustion chamber for a short* interval; an 
interval of one or two milliseconds only in the 45-60 millisecond 
function time of the generator. This prevents most of such ccnibustion 
products or particulate residues from being explosively blown out 
of the ccaftibustion chamber and allows them to be cooled and con- 
20 densed on the carbon steel fine mesh screen that is located 
inboard of the fiberglass woven fabric elansnt of the filter. 

Specifically, the pyrotechnic material of the initiator, 
the gas generant ccnposition and the prijnary filter are all 
contained in the hermatically sealed aluminum cartridge. This 
25 insures reliability of the generator over long periods. The 

aluminum cartridge is positioned in the combustion chamber of the 
generator. Upon iiutiation of combustion by the firing of the 
squib, the rising gas pressure ruptures tlie sidewall areas of the 
cartridge adjacent the orifices of the combustion chatiber. This 
30 allows gas to flow through the primary filter and out of the com- 
bustion chamber through the several orifices. The ccttibustion 
chamber filter in each of Figures 1 and 2, consists of one to 
three layers of a coarse screen adjacent to the wall of the 
chamber. This serves as a collecting area for gas to flow along 
35 the chamber wall to the chamber orifices and permits gas to flow 



0012626 



-16" 

through the primary filter and out of the canbustion chaniber through 
the several orifices. The combustion chamber filter in each of 
Figures 1 and 2, consists of one to three layers of a coarse 
screen adjacent to the wall of the chamber. This serves as a 
5 collecting area for gas to flow along the chamber wall to the 
chamber orifices and permits gas to flew evenly through the 
primary filter regardless of the proximity of a combustion chamber 
orifices. Inboard of the coarse screen are one or more layers 
of the fiberglass woven fabric. The fiberglass fabric is selected 

10 for corrpatability with the tenrperature in the combustion chamber 
dxjring burning of the selected gas generant ccttposition thereby 
to provide a tacky surface for particle entrapnent that does not 
welt or erode away under the effects of the high teirperatare gas. 
An effect acconpanying.the production of the. tacky surface appears 

15 to b^' a swelling of the fibers of the fiberglass fabric that 
reduces the porosity of the primary filter, and hence, causes the 
primary filter to restrict the flow of gas and canbustion residue 
out of the combustion chamber- This effect continues for only a 
short interval, as described, but long enough to allow cooling 

20 and condensation of hot and molten particulate residue within 

the voids of the filter. Inside the irultiple layers of the fiber- 
glass cloth are multiple layers of fine mesh carbon steel screen. 
The layers of the fine mesh carbon steel provide a large rela- 
tively cool suLTface for condensation of corbustion solids prior 

25 to encountering the multiple layers of fiberglass woven fabric. 
i^2X>ximately 95 percent of all solid products of combustion are 
trapped in the combustion chamber filter. It is noted that outside 
of the combustion chamber the acceleration of the gases that are 
generated becomes so high that trapping of the products of con- 

30 bustion in that region becomes exceedingly difficult. 

An added benefit of the fiberglass cloth is that under 
the high tenperature environment, the glass reacts with caustic 
sodium oxide, Na20, an effluent of the catbustion process, to 
form innocuous sodium silicate. 

35 The secondary filter in each of Figures 1 and 2, is located 
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outside of the conbustion clianibGr in the diffuser area of the 
annular chairiber 26. This filter is ccaiprised of multiple wraps 
of wire mesh which serves to cool the gas and provide surface for 
condensation of solid particles. Surrounding the wire mesh filter 
5 pack are one or more wraps of the aluminum silicate blanket. The 
aluminum silicate blanket serves two distinct functions. One of 
these functions is to react with particles of sodium oxide \rfiich 
cone into intimate contact with the second filter to f om sodium 
silicate. 

10 Surrounding the aluminum silicate blanket are several wraps 
of fine mesh screen v*iich provide structural support for the 
aluminum silicate blanket. It is noted that aluminum silicate 
blanket is porous, has very little strength, and tends "to dis- 
integrate under the effects of tlie high velocity -gas stream* - -The 

15 filter elements, however, retain the solids entrapped. The fine 
mesh outer screen is used to trap these aluminum silicate filter 
particles and prevent them f rem being carried out of the exit 
orifices of the housing with tlie clean combustion gases - 

The present invention is not dependent upon the specific 

20 chemical cotposition of the ccntoustible gas generant, the selection 
of the fiberglass woven fabric or cloth for conpatibility with 
the combustion tenperature of the selected gas generant conposi- 
tion being the priirve requirement. The use of the disclosed 
primaory filter within the ccmbustion chamber provided by the 

25 cartridge in a gas generator utilizing a gas generating conposition 
as disclosed in the aforementioned copending application provides 
distinct advantages. These advantages are derived from the laver 
tenperature and pressure at vMch ccrribustion of that corposition 
takes place in the cotibustion chamber. This makes possible a gas 

30 generator of lighter weight since the structural corponents are • 

subjected to lower conbustion chamber tenperature and pressure, 

and the production of an extremsly clean gas and odor free gas. 

-« 

In the aforCTientioned operative embodiment of this form of the 
invention, the amount of solid or particulate matter in the effluent 
35 gas was reduced fran 3 to 5 grams, as obtained in the prior art 
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generator of Patent 2,985,076, to 250 milligrams. MDreover, tiie 
generator of the invention produced a s\±)stantially chemically 
neutral gas vith a pH of 7 to 8 mthout the use of a chemical 
neutralizer. 

5 Thus, there has been provided, according to the invention, 
an iirproveniBnt in the generation of gas by a solid fuel generator 
that results in the generation of extremely clean odorless gas 
having a substantially rediJKred tenperature. Such gas generation 
is accomplished by a generator of smaller size, having lighter 

10 weight conponents, tliat operates at a pressure under 105 kg/sq cm (iSOOpsi). 
The iiiproved generator includes a gas generant conposition character- 
ized by sustained oontoustion at a lower teirperature of about 
1025°C but nevertheless at a bviming rate high enough to inflate 
a vehicle cushion restraint system vathin 45 millisecounds. 

15 The pyrotechnic itaterial for initiating cambustion. provides, a . 
desirably strong bviming initiative thereby rapidly to effect 
siastained vigorous combustion of the gas generant conposition. 
A oarabustion chanber cooling filter for maximum solids retention 
with lc^'J pressure drop, that is, the primary filter, includes 

20 a fiberglass woven fabric or cloth that provides a restriction to 
retard for a short interval the flow of combustion procJucts out 
of the combustion chamber, and reacts with the caustic soda 
effluent resulting from the combustion process, to provide a 
tacky surface for trapping solid particulate products arxi for 

25 converting the caustic soda to form innocuous sodium silicate. 
The action of the filter is facilitated because of its location 
in the cotibustion chamber vAiere it is operative to condense and 
trap solid particulate residue and to react with the caustic soda 
effluent during the short interval that the generated ^ases are 

30 still undergoing relatively low rates of acceleration and velocity. 
The invention further features a secondary filter that serves to 

> 

cool the gas, provides a surface for further condensation of 
particles, and additionally, reacts with caustic soda particles to 
form sodium silicate. The secondary filter constitutes a final 
35 cooling filter for fine particle entrapnent with low pressure drop. 
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It will be understxx)d that where the aBudi nx2tal azide 
forming the gas generant corposition is a rr^tal other than sodium, 
and is for exairple, potassium or lithium, the reaction of the 
glass of the fiberglass or cloth of the primary filter and the 
5 reaction of the aluminum silicate blanket of the secondary filter 
with the metallic oxide effluent of the conbustion process would, 
in each case, be to fom an innocuous alkali iretal silicate, 
that is, potassium silicate or lithium silicate. 
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CLAIMS 

1. A gas generator (l,90) characterized by a combustion 
chamber (28,112) having first gas discharge orifice means 
(24), combustible gas generating means (68,156) disposed 
in said combustion chamber and operable upon ignition to 

5 produce gas and combustion products, and primary filter 
means (70,158) disposed in said combustion chamber adja- 
cent the orifice means to cool said gas and to trap saJ.d 
combustion products, said filter means including a sub- 
stance, a surface of which at the temperature and environ- 
10 ment of the combustion process, begins to melt and becomes 
tacky, 

2. A gas generator as claimed in claim 1, wherein said 
substance of the primary filter means (70,158) is a wdven 
fabric . (7^,-1 62.) . the fibers, of which swell, and they become 

15 tacky" to increase the restrictive effect of the filter 
means _to the flow of combustion products therethrough, 
such increased flow restrictive effect existing for a 
short interval only during the combustion process function 
period to retard the flow out of the combustion chamber of 

20 combustion products to increase the period for cooling 
thereof and thereby condensation and trapping of molten 
solid products of combustion by the filter to minimize 
the quantity of such solid products of combustion that are 
blown out of the combustion chaunber through the orifice 

25 means, 

3* A gas generator as claimed in claim 1 or 2, wherein 
said substance of the primary filter means (70,158) com- 
prises a plurality of layers (7^1 1 62) of a fiberglass 
woven fabric. 

30 4. A gas generator as claimed in claim 3, wherein the 
primary filter means (70,158) includes a plurality of 
filter portions of which the fiberglass woven fabric lay- 
ers (74,162) comprise an interior portion. 
5. A gas generator as claimed in claim 4, wherein the 

35 portion of the primary filter means (70,158) adjacent to 
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the gas discharge orifice means (24) comprises at least 
one layer (72^160) ot a coarse screen and tlie portion of 
the primary filter means adjacent the gas generating 
means comprises a plixrality of layers (76,164) of fine 
5 mesh screen. 

6. A gas generator as claimed in claim 5, wherein the 
composition of the gas generating means (68,156) is such 
that one of the products of combustion is an alkali metal 
oxide, said fiberglass woven fabric reacting chemically 

10 with said allcali metal oxide to produce an alkali metal 

silicate and to cause the fibers of said fiberglass woven 
fabric to swell and to be effective, as the pressiire in 
the combustion chamber rises to a predetermined level, to. 
restrict the flow of gas through the filter means thereby 

15 allowing molten products of combustion to cool and con- 
dense on Baid fine mesh screen (76,1 64). 

7« A gas generator as claimed in claim 6, wherein one 
of the products of combustion is caustic soda and the pro- 
duct of the reaction of said caustic soda with the fiber- 

20 glass woven fabric (74,162) is sodium silicate. 

8# A gas generator as claimed in any one of the preced- 
ing claims, wherein the generating means (68,156) and the 
primary filter means (70,158) are contained in a ruptur- 
able hermetically sealed cartridge (30,126), said cart- 

25 ridge and combustion chamber (28,112) both being cylin- 
drical in shape and said cartridge being substantially 
concentrically arranged with respect to and substantially 
filling said combustion chamber. 

9» A gas generator as claimed in any one of the pre- 
30 ceding claims, including housing means (lO,92) having wall 
means defining an annular space (26,11 4) external of the 
combustion chamber, said wall meauns having second gas 
discharge orifice means (86,176) and secondary filter 
means (78,1 66) disposed in said annular space between 
35 said first and second orifice means further to cool the 
gas and trap combustion products. 
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10. A ^as generator as claimed in claim 9, wherein tlie 
secondary filter means (78,1 66) includes a plurality or 
filter portions (80-84, 1 68-1 74), an intermediate portion 
(82,172) of said second filter means comprising^ aluminum 

5 silicate whicli reacts chemically with caustic soda to form 
sodium silicate. 

11. A gas generator as claimed in claim 10, wherein the 
secondary filter means (166) includes a standoff screen 
and a coarse screen (168) between the first gas discharge 

10 orifice means and a blanlcet (172) of the aluminum silicate, 
and a fine screen (l74) between said blanket of aluminxim 
silicate and the second gas discharge orifice means (176). 

12. A gas generator as claimed in cladLm 8. or claim 9, 
10 or 11 as appendant to claim 8, wherein the combustible 

15 gas generating means (68,156) includes ignition means (60, 
150), said ignition means being disposed along the cylin- 
drical axis of the cartridge (30,126) and combustion cham- 
ber (28,112), and wherein the gas generating means in- 
cludes a plurality of pellets substantially uniformly dis- 

20 tributed in the cartridge in surrounding relation with the 
ignition means* 

13- A gas generator as claimed in claim 12, wherein the 
gas generating pellets (68,156) comprise a compacted mix- 
ture of 66^ sodium azide, 305^ ferrous oxide, 29i sulfur 
25 and 2^ molybdenum disulfide. 

14. A gas generator as claimed in claim 12, wherein the 
gas generating pellets (68,156) comprise a compacted mix- 
ture of about 65 weight percent to about 70 weight percent 
alkali metal azide, up to about k weight percent sulfxir 

30 and from about 27 weight percent to about 33 weight per- 
cent molybdentmi disulfide, for example, about 68 weight 
percent sodium azide, about 2 weight percent sulfur and 
about 30 weight percent molybdenum disulfide. 

15. A gas generator as claimed in any one of the preced- 
35 ing claims 1 to 11, wherein the combustible gas generat- 
ing meeuis (68,156) includes a plurality of pellets sub- 
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stantially imifonnly distributed throughout the combustion 
chamber and comprising a compacted mixture ot 66i> sodium 
azide, 30^ ferrous oxide, 2^ sulfur and 2'^ molybdenum 
disulfide* 

5 16, A gas generator as claimed in any one of the pre- 
ceding claims 1 to 11, wherein the combustible gas gener- 
ating meams includes a plurality of pellets (68,156) sub- 
stantially uniformly distributed throughout the combustion 
chamber and comprising a compacted mixture of about 65 

10 weight percent to about 70 weight percent alkali metal 

azide, up to about h weight percent sulfur, and from about 
27 weight percent to about 33 weight percent molybdenum 
disulfide, for example, about 68 weight percent sodium 
azide, about 2 weight percent sulfur and about 30 weight 

15 percent molybdenum disulfide. 

17« A gas generator as claimed in ajiy one of the preced- 
ing claims, wherein the gas generating means (68,156) in- 
cludes ignition means comprising a granular mixture (66, 
15^) of 159^ by weight of boron and 85^ of potassium nitrate 

20 plus or minus 10^ for each component with the further 

addition of 3-1 0^« of lead azide, said gas generating means 
surrounding said ignition means ♦ 

18. A gas generator as claimed in claim 17, wherein the 
ignition means includes an electric squib (6o,150), a 

25 perforated tube (36,1 30) and a rupturable metal foil (38, 
132) sealed to the outer wall of said tube, said electric 
squib being disposed within said tube adjacent said gran- 
ular mixture. ^ ^ 
19# A method of generating cleaoi nitrogen gas in which 

30 most of the combustion residue product has been removed, 
and in which a combustible composition (68,156) essen-* 
tially comprises an alkali metal azide, molybdeniim disul- 
fide and sulfur, said combustible composition is placed 
in a combustion chamber (28,112) having gas discharge 

35 orifices (2^^), and the temperature of said combustible 
composition is raised sufficiently to ignite it, char- 
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acterised by providing filtering and cooling means (70, 
166) between the combustible composition and the gas dis- 
charge orifices, the filtering means being selected for 
its compatibility with the combustion process and for its 
characteristic property at the combustion temperature of 
said composition of becoming less porous for a short 
interval during the combustion function time thereby, 
during such interval, to increase the restrictive effect 
• thereof and to retard the flow of combustion products from 
said gas discharge orifices to allow such combustion pro- 
ducts to be cooled by and condensed on the cooling means, 

20. A method as claimed in claim 19, wherein the com- 
bustible composition comprises 60-805b sodium azide, 2-26^ 
ferrous oxide, 26-2?o molybdenum disulfide and O-650 suirur» 

21. A method as claimed in claim I9, wherein the com- 
bustible composition comprises about 65 weight percent to 
about 70 weight percent alkali metal azide, up to about 

k weight percent sulfur and from about 2? weight percent 
to about 33 weight percent molybdenum disulfide. 

22 . A method as claimed in claim 1 9^ 20 or 21 , wherein 
the filtering moans comprises at least one layer (74,162) 
of a woven fabric, and said cooling mesms comprises a 
fine mesh screen (76,1 64) provided between said fabric 
and the combustible composition (68,156). 

23* A method as claimed in claim 22, wherein the com- 
bustible composition is in pelletized form, the pellets 
(68,156) being so placed dLn the combustion chamber (28, 
112) as to be substantially taniformly distributed therein, 
and wherein the woven fabric comprises a fiberglass woven 
fabric that reacts with a product of the combustion pro- 
cess, an alkali metal oxide, to form an innocuous alkali 
metal silicate. 

24. A method as claimed in cladLm 23, wherein the product 
of the combustion process is caustic soda and the fiber- 
glass woven fabric reacts with said caustic soda to form 
innocuous sodium silicate, and wherein a diffusor chamber 
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(26,114) is disposed in surrounding relation to the com- 
bustion cliamber (28,112), said diffuser chamber having 
gas discharge orifices (86,176), and filtering and cool- 
ing means (78,1 66) is disposed in said diffuser chamber 
5 between the gas discharge orifices of said combustion 
chamber and diffuser chamber, said diffuser chamber fil- 
tering means including a blanket (82,172) of aluminum 
silicate which reacts with caustic soda particulate resi- 
due to form innocuous sodium silicate. 

10 25. A method of filtering nitrogen gas that is generated 
by a combustion process, involving the burning of a gas 
generant composition (68,156), in a combustion chamber 
(28,112) having gas discharge orifices (2^), and wherein . 
the combustion process produces as other combustion pro- 

15 ducts free iron particulate residue and an alkali metal 
oxide, characterized by the steps of providing a fiber- 
glass woven fabric that is selected for its compatibility 
with the temperature ajid environment of the combustion 
chamber and for its characteristic property, at that 

20 temperature, of reacting with said alkali metal oxide in 
the combustion products to form an innocuous alkali metal 
silicate and of becoming taclcy and less porous for a short 
interval during the combustion process function time to 
retard for such interval the flow therethrough of combus- 

25 tion products, providing a plurality of layers (76,1 64) 
of a fine mesh cooling screen for cooling and condensing 
iron particulate residue dLn surrounding relation to said 
gas generated composition, in contact therewith, and sur- 
roixnding said cooling screen, in contact therewith, by at 

30 least one layer (74,162) of said woven fabric. 

26. A method as claimed in claim 25, wherein a plura'lity 
of layers of a coarse screen (72,l6o) are disposed in 
surrounding relation with the fiberglass woven fabric, 

in contact therewith and immediately adjacent the internal 
35 wall of the combustion chamber. 

27. A method as claimed in claim 25 or 26, wherein the 
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alkali metal oxide in the combustion products is caustic 
soda, and wherein the fiberglass woven fabric reacts with 
the caustic soda to form innocuous sodium silicate* 
28. A method as claimed in claim 25, 26 or 27, wherein 
5 filtering means (78,166) is disposed in surrounding rela- 
tion ivith the external wall of the combustion chamber, in 
contact therewith, said filtering means including a blan- 
ket (82,172) of aluminum silicate to react with caustic 
soda in the combustion products to form innocuous sodium 
10 silicate. 
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